Atmospheric forcing, which is known to have a strong influence on surface ocean dynamics and production, is typically not considered in studies of the deep sea. Our observations and models demonstrate an unexpected influence of surface-generated mesoscale eddies in the transport of hydrothermal vent efflux and of vent larvae away from the northern East Pacific Rise. Transport by these deep-reaching eddies provides a mechanism for spreading the hydrothermal chemical and heat flux into the deep-ocean interior and for dispersing propagules hundreds of kilometers between isolated and ephemeral communities. Because the eddies interacting with the East Pacific Rise are formed seasonally and are sensitive to phenomena such as El Niño, they have the potential to introduce seasonal to interannual atmospheric variations into the deep sea.
Hydrothermal vents are hot spots for geological, geochemical, and biological activity that alter the global oceanic heat and chemical budgets (1, 2) and support unique chemosynthetic communities (3, 4) . The disjunct distribution and transient nature of vents pose challenges for exporting vent-derived heat and chemicals into the global ocean and transporting propagules between distant vent fields. On short time scales, vent-derived products can remain close to the ridge axis. Chemical tracers can be used to locate hydrothermal vents (5) ; and larval supply to established vents is predominantly from local sources (6, 7) .
However, larvae and much of the seawater chemically altered at vents are eventually transported to distant locales. Hydrothermal seawater alterations contribute to the removal and addition of major chemical constituents (1), such as Ca and Mg, as well as trace metals, such as Fe (8, 9) which may impact local and global biogeochemical cycling (10) (11) (12) . Vent larvae must, at least episodically, undergo long distance dispersal to maintain observations of high gene flow (13, 14) and rapid colonization of disturbed and nascent vents (7, 15) . Ridge-trapped jets (16, 17) and hydrothermally-induced flows (18) have the potential to transport material near the ridge. Yet, after decades of research at hydrothermal vents, the mechanisms by which heat, chemicals and larvae are transported throughout the global ocean and between distant vent fields remain poorly resolved.
To investigate mechanisms that transport vent fluids and larvae, we performed time-series observations of hydrodynamics and larval, chemical and mass fluxes in the 9˚ 50' N area of the East Pacific Rise (EPR) (Fig. S1 ). Dramatic decreases in the larval supply of vent gastropods ( Fig. 1A, Fig. S2, Fig. S3 ) and in mass flux associated with settling particles (Fig. 1B) were observed near the end of the time series and corresponded to a period of anomalous current velocities. Current velocities both on-axis (Fig. 1C, Fig. S4AB ) and off-axis ( Fig. S4C ) reached speeds exceeding 15 cm s -1 during the anomaly, compared to the mean speed of 5.5 cm s -1 (at 170 meters above bottom). Using a permutation test, larval and mass fluxes were significantly lower than expected post-anomaly (during and after the velocity anomaly), p = 0.0007 and p = 0.008, respectively. The biological and geochemical changes appear to have been driven by anomalous low-frequency currents (Fig. 1C) , as the magnitude of high frequency motions was relatively stable during this time (Fig. S5 ).
The concurrent decreases (19) in larval supply and mass flux were most likely due to hydrodynamic transport away from the ridge rather than changes in source production. Both larval supply and mass flux are derived from independent pools built up over time, so changes in production would be observed as dampened or lagged changes in flux. Additionally, it is unlikely that mass flux sources and multiple species' reproduction changed concurrently. Hydrothermal vent gastropods typically exhibit continuous or quasi-continuous reproduction (20, 21) with precompetency periods. Therefore, we assume our samples come from a continuously produced larval pool that integrates reproductive output over time.
In close proximity to vents that are distant from continents, mass flux is typically dominated by mineral particulates settling from the neutrally-buoyant plume supplied by hightemperature 'black-smoker' venting and the biogenic fluxes from adjacent chemosynthetic communities associated with low-temperature hydrothermal flow (22, 23) (24, 25) indicate that changes in high-temperature and low-temperature hydrothermal flow cannot account for the decreases in mass flux at the end of the time series. Instead, we suggest that the hydrodynamic event displaced the resident water mass with its accumulated biogenic and mineral particulates resulting in decreased mass flux. Although a reduction in mineral particulates from hightemperature venting (e.g., Fe, Cu, and Zn, Fig. 1D , Table S1 ) was not observed during the hydrodynamic event, this does not necessarily imply that minerals and vent-altered seawater were not transported. Rapid production by vigorous venting, followed by prompt precipitation through quenching by cold, oxygenated bottom water, could replenish transported material over timescales that are short compared to our sampling interval, thus, masking any changes due to transport in the observed metal fluxes. Production of biogenic material from low-temperature vent communities would be markedly slower, such that displacement by the hydrodynamic event would be followed by delayed re-establishment of pre-anomaly fluxes. Thus, the observed variation in mass flux ( Fig. 1B ) and elemental fluxes ( Fig. 1D , Table S1 ) was likely due to transport of vent-derived mineral and biogenic material followed by swift replenishment of minerals by high-temperature venting but slower replenishment of the biogenic material.
The rapid changes in direction and coherence between current meters (Fig. 1C, Fig. S4 Our findings suggest eddy-driven impacts extend beyond the upper ocean and main thermocline (28) to include deep-sea benthic environments. Eddies at depth could play a major role in transporting hydrothermal vent-derived heat, chemicals, and biota in a relatively lowenergy environment. Transport could occur wherever mesoscale eddies interact with ridges, including the Mid-Atlantic Ridge, the Southwest Indian Ridge, and the East Scotia Ridge (29, 30) , and the surrounding deep ocean. The strong observed decreases in larval and mass fluxes, together with a change in chemical compositions of the settling flux, during and after the current anomaly suggest that the passage of the eddy over the study site removed vent-altered seawater, larvae and associated biogenic matter. The observed local removal of larvae would be followed by inevitable loss to unsuitable habitat, but could also result in the delivery of those larvae to distant vent fields. Complex interactions within the simulated eddy field created an intensified deep northward current, that extended nearly eight degrees of latitude and interacted with the ridge for weeks ( Fig. 3B , Movie S2), potentially providing a conduit for larval transport between vent fields. The deep-water expression of large and/or interacting eddies could thus disrupt more persistent pathways of larval supply such as local retention (6, 7) and transport by rectified mean flows (16, 17) . However, the eddies provide a hydrodynamic mechanism to facilitate longdistance dispersal events such as that of Ctenopelta porifera observed at nascent vents over 300 km away from the nearest known source (7) . A few long-distance dispersal events driven by these eddies could produce high gene flow amongst vent fields and, more broadly, in the deepsea in general.
There is the potential for multiple eddies to interact with the EPR each year (31-33). A second instance of a strong negative correlation (r u = -0.56, p u < 0.0001; r v = -0.86, p v < 0.0001 with a 8 day lag) between a current anomaly observed on the ridge crest and inferred geostrophic velocities at the surface was detected from May through June 2007 ( Fig. 4A,B ), lending further support for eddy-induced current velocities at depth. In the eastern Pacific, an average of 3.5 ± 1.2 (SD) Tehuantepec and 2.2 ± 1.0 (SD) Papagayo eddies (31) form each year during the late fall to early spring (31-33); a subset of these eddies, 2.2 ± 0.9 (SD) per year, cross the EPR during the winter and spring (Fig. 4C ). In addition to the seasonal production of these eddies, Tehuantepec eddies strengthen and increase in frequency during El Niño years (31-33).
Although the deep-sea, and hydrothermal vents, in particular, are often naïvely thought of as being isolated from the surface ocean and atmosphere, the interaction of surface-generated eddies with the deep sea offers a conduit for seasonality and longer-period atmospheric phenomena to influence the 'seasonless' deep sea. Thus, while hydrothermal sources of heat, chemical and larval fluxes do not exhibit seasonality, there is potential for long-distance transport and dispersal to have seasonal to interannual variability. 
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Materials and Methods Supporting Text Figs. S1, S2, S3, S4, S5, S6 Table S1 SOM References Legends Movies S1, S2 Movies S1, S2 Fig 1B) . Mineral fallout from the plume is high in Fe, Cu and Zn, which all remain relatively constant throughout the time series ( Fig 1D, Table S1 ), suggesting that hydrothermal input from high-temperature venting did not change significantly. Consistent with a steady lithogenic hydrothermal input, P:Fe mass ratios (Table S1 ) fell below 0.10, which is expected when neutrally-buoyant plume particulates that include both Fe-oxyhydroxides (P:Fe ~ 0.10) and polymetallic sulfides (P:Fe ~0) dominate the flux (S11), only when total mass fluxes decreased late in the time series.
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Furthermore, the consistency of the lithogenic hydrothermal fluxes implies that they could not have exceeded the minimum mass flux (28 mg m -2 d -1 ) which is too small to resolve the observed decrease in mass flux. Significantly higher P fluxes (p = 0.041; Table S1) and P:Fe ratios (p = 0.025) observed pre-anomaly require that a different source that is P-rich and relatively Fe-poor account for the changes in total mass flux ( Fig 1B) .
With negligible continental and volcanogenic contributions and a small, constant hydrothermal lithogenic flux, as discussed above, the change in mass flux was likely due to variation of a biogenic input. Biological fluxes would also be consistent with the observed variation in P. While we can't rule out variation in biogenic input from pelagic production, estimates of pelagic fluxes at other vents, 5-50 mg m -2 d -1 (S12-14) always accounted for less than 25% of the corresponding near-vent total mass flux (S12, S13) -again, too low to resolve the change in mass flux observed here. Given the close proximity to communities with high levels of chemosynthetic production, we propose that our observations are most consistent with high biogenic flux from adjacent vent communities occurring pre-anomaly that was displaced and slow to re-establish post-anomaly. Larval supply is generally more variable and lower at Choo Choo compared to East Wall because it is a relatively isolated vent site with fewer local sources (S1). Still, larval supply to Choo Choo post-anomaly was significantly lower than expected (p = 0.0055, one-sided permutation test using 50,000 randomizations). 
